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INTRODUCTION
Foot ulceration precedes 85% of lower limb ampu-
tations in patients with diabetes mellitus (1). Foot
ulcers develop during the lifetime of at least 15% of
patients with diabetes and are a major cause of hos-
pitalization among such patients (1, 2). Multiple dia-
betes-associated factors, including peripheral artery
disease (PAD), neuropathy, and deformity, contrib-
ute to the development and persistence of lower
extremity ulcers in patients with diabetes (3). In a
report of 185 patients with diabetes, 41% had PAD
and 61% had neuropathy ; furthermore, 45%, 16%,
and 24% of the patients had neuropathic, ischemic,
and neuroischemic ulcers, respectively (4). The
most frequent causes of lower extremity ulcers are
reported to be trauma, neuropathy, and deformity
(5). From these reports, peripheral neuropathy is
thought to be the factor most responsible for foot
ulceration. The peripheral neuropathy results in loss
of the protective sensation of pain and in autonomic
dysfunction including sympathetic denervation, dry
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skin, and warm feet. If not properly treated, these
ulcers can develop complications, such as severe
infection, joint destruction, osteomyelitis, and gan-
grene ; in some cases, amputation of the affected
toe or limb is required. Complete or partial loss of
metatarsal bone affects the arch of the foot and bal-
ance during walking. In order to preserve the meta-
tarsal bone for as long as possible, we have treated
neuropathic diabetic foot ulcers with transplantation
of free flaps to the defects after resection of the
damaged skin and infected bone. Because the con-
dition of the artery of the limb is important for
anastomosis of the artery and vein, angiography was
performed to identify any significant arterial disease
in all cases. The aim of this study was to evaluate,
retrospectively, the results of free flap transposition
surgery for treatment of diabetic neuropathic foot
ulcers.
PATIENTS AND METHODS
Eleven patients who underwent free flap transfer
for the treatment of neuropathic diabetic foot ulcer
at Tokushima University Hospital from June 2002
through October 2012 were selected. All patients
had been diagnosed with diabetic neuropathy of the
lower limb after evaluation using Semmes-Weinstein
monofilaments and/or electrophysiological study by
neurologists. Radiography was performed to exam-
ine the depth of the foot ulcer, the extent of the
fistula, and the condition of the foot bones. Com-
puted tomography angiography (CT angiography)
of the lower extremity was performed to screen for
PAD. In patients in whom CT angiography indicated
the possibility of obstruction or stenosis, catheter
angiography was performed for further examina-
tion, especially to identify any impairment of the ves-
sels to be used for anastomosis. Debridement sur-
gery was performed to remove the infection around
the foot ulcer, and then a free flap (or flaps) was
transplanted to cover the defect of the foot. End-to-
side anastomosis (6) or flow-throw anastomosis
(7, 8) was used for the arterial anastomosis in order
to preserve the peripheral flow of the recipient ar-
tery. One or 2 recipient veins selected from the vena
comitans and/or cutaneous vein were used for ve-
nous anastomosis.
The following data were collected from the medi-
cal records and analyzed : 1) basic patient data in-
cluding the sex, age, results of blood analysis includ-
ing the blood glucose and hemoglobin A1c (HbA1c)
(National Glycohemoglobin Standardization Pro-
gram) levels upon the first visit to our hospital, and
the blood circulation index comprising the ankle
brachial index (ABI) and skin perfusion pressure
(SPP) measured before the surgery ; 2) the pres-
ence of stenosis and/or obstruction indicated by
angiography of the lower limb ; 3) previous history
of percutaneous transluminal angioplasty (PTA) ;
4) bacterial culture results ; 5) number of and pro-
cedure(s) used for debridement surgery ; 6) surgi-
cal procedure used for free flap transplantation, in-
cluding the type of flap(s) transplanted, recipient
vessels, and method of arterial anastomosis ; 7)
rates of initial success, limb salvage (defined as pres-
ervation of the heel), and functional ambulation ; 8)
all severe short- and long-term complications that
required additional surgery or failed to heal during
the follow-up period, i.e., within 30 days after the
transplantation surgery (short-term complications)
or after 31 days (long-term complications).
RESULTS
The 11 patients comprised 10 men and 1 woman
ranging in age from 42 to 81 years (mean : 59 years).
Their blood glucose and HbA1c levels upon the first
visit to our hospital ranged from 171 to 400 mg/dl
(mean : 248.7 mg/dl) and from 6.4 to 15.4% (mean :
10.0%), respectively. The ABI values for the ulcer-
affected and contralateral limbs ranged from 0.7 to
1.23 (mean : 1.11) and from 1.00 to 1.34 (mean :
1.17), respectively (Table 1). The SPP values for the
ulcer-affected and contralateral legs ranged from 49
to 125 mmHg (mean : 75 mmHg) and from 56 to 96
mmHg (mean : 75 mmHg), respectively.
Angiography identified stenosis of the lower limb
artery in 6 patients, but no obstruction was de-
tected in any case (Table 1). The PTA procedure
was performed in 1 patient (case 11) who had se-
vere stenosis of the popliteal artery. Bacterial cul-
ture was positive in all patients (Table 2). Five types
of gram-positive cocci were detected in 8 patients
and 3 types of gram-negative bacilli in 6 patients.
Debridement surgery was performed in all patients,
and debridement was performed only once in each
case. The debridement surgeries included toe am-
putation at the level of the metatarsophalangeal
(MTP) joint or the metatarsal bone in 2 and 6 pa-
tients, respectively (Table 1).
Six types of free flap were elevated from the
subscapular artery system in 10 patients ; in the
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remaining patient, an anterolateral thigh flap was
used because of the very thick fatty tissue around
her back (Table 1). The dorsalis pedis artery was
selected for arterial anastomosis in all patients.
The flow-through type and end-to-side type of
anastomosis were adopted in 9 and 2 patients, re-
spectively. The flap vein was anastomosed with 1
dorsalis pedis vein in 5 patients, 1 great saphenous
vein in 2 patients, and both the vena comitans and
the great saphenous vein in 4 patients. The free flap
transplantation succeeded in all patients (Figs. 1-5).
The short-term complications observed were a
pressure ulcer in the calcaneal region and wound
dehiscence ; the long-term complications observed
were recurrent ulcers in 4 patients. This complica-
tion was treated conservatively or with amputation
at the Lisfranc joint or 5th toe (Table 1). One pa-
tient (patient 5) was unable to walk after Lisfranc
joint amputation. Patient 3 underwent below-the-
knee amputation of the leg contralateral to the foot
on which free flap transplantation had been per-
formed (Fig. 3). The mean duration of follow-up
was 52 months (range : 12-123 months). The limb
salvage rate was 100%, and 9 of 11 patients (82%)
achieved functional ambulation.
Case reports
Case 3 : A 70-year-old man was referred to our
hospital because of necrosis of the big toe and a
deep ulcer affecting the first MTP joint of the right
foot (Fig. 1A). After debridement of the necrotic
tissue and confirmation that the wound was free of
bacteria, a free scapular flap was transplanted with
flow-through anastomosis to the dorsalis pedis ar-
tery (Fig. 1B and C). The patient’s first metatarsal
bone and walking function have been preserved for
10 years (Fig. 1D). Angiography of his leg before
the free flap surgery showed arterial stenosis, includ-
ing wall irregularity ; however, no obstruction was
detected (Fig. 2A and B). Angiography after the
Table 2. Wound culture results
Bacteria cultured Patient Number
Methicillin-resistant Staphylococcus aureus 1, 3, 5, 6, 10
Methicillin-sensitive Staphylococcus aureus 2, 4
Pseudomonas aeruginosa 3, 8
Escherichia coli 7, 11
Enterococcus faecalis 4, 10
Enterobacter cloacae 4, 6
Enterococcus faecium 9
Streptococcus agalactiae 6
Table 1. Patient summary
No. Sex Age(y)
ABI
(affected side) S O PTA
Debridement surgery
(No. of toes, Location) Free flap(s) and graft
Anastomosis
method
Short - term
complications
Long- term
complications
1 M 42 No data + - - Necrotomy of calcaneal re-gion LDM flap and STSG FT type None None
2 M 68 No data + - - Necrotomy of dorsal region SAF flap and STSG FT type None None
3 M 70 1.18 + - - TA (1st toe, MTP joint) Scapular flap FT type None None (AK amputationon contralateral side)
4 M 59 1.21 + - - TA (5th toe, metatarsalbone)
LDM flap, SAF flap,
and STSG FT type
Pressure ulcer
on calcaneus None
5 M 81 1.08 + - - Necrotomy of the Lisfrancjoint LDM flap and STSG FT type None
Recurrent ulcer
(Lisfranc amputation)
6 M 42 1.05 - - - TA (2nd toe, MTP joint) TAP flap FT type None Recurrent ulcer(conservative treatment)
7 F 43 1.21 - - - TA (2nd, 3rd, and 4th toes,metatarsal bone) ALT flap FT type None None
8 M 70 1.16 - - - TA (2nd toe, metatarsalbone) TAP flap End- to -side None
Recurrent ulcer
(conservative treatment)
9 M 56 1.23 - - - TA (2nd, 3rd, 4th, and 5thtoes, metatarsal bone) LDMC flap End- to -side None None
10 M 55 1.17 - - - TA (2nd, 3rd, and 4th toes,metatarsal bone) LDMC flap FT type
Wound
dehiscence
Recurrent ulcer
(amputation of 5th toe)
11 M 63 0.7 + - + TA (2nd, 3rd, and 4th toes,metatarsal bone) LDMC flap FT type None None
ABI : Ankle brachial index, S : Stenosis, O : Obstruction, PTA : Percutaneous transluminal angioplasty, TA : Toe amputation, LDM :
Latissimus dorsi muscle, STSG : Split - thickness skin graft, SAF : Serratus anterior fascia, MTP : metatarsophalangeal, TAP :
Thoracodorsal artery perforator, ALT : Anterolateral thigh, LDMC : Latissimus dorsi musculocutaneous, FT : Flow-through, AK :
Above knee
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Fig. 1 : Case 3. Diabetic neuropathic foot ulcer of the right foot.
A : A photograph taken during the first visit to the outpatient office.
B : A free scapular flap, on which the pedicle artery and veins are identified, is harvested from the patient’s back.
C : A photograph taken immediately after the free flap transplantation.
D : A photograph taken 10 years after the free flap transplantation.
Fig. 2 : Case 3. Angiography of the right leg.
A, B : Angiography performed before the free flap surgery.
C : Angiography performed 5 years after the surgery. The large arrow shows the anastomosis between the flap artery and dorsalis pedis
artery. The 2 small arrows show the nutrient artery in the flap.
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free flap transplantation showed intact blood flow
from the dorsalis pedis artery and the posterior tibial
artery to the foot and also that an additional artery,
which was an arterial pedicle of the flap that had
been anastomosed to the dorsalis pedis artery, was
nourishing the foot through the transplanted free
flap (Fig. 2C). Ten years after the free flap trans-
plantation, his left foot was amputated because of an
unhealed ulcer and limb ischemia that could not be
treated with the PTA procedure or arterial bypass
surgery (Fig. 3). The patient is walking using his
right foot with the free flap and an artificial leg in
place of the amputated left foot.
Case 11 : A 63-year-old man was referred to our
hospital because of an incurable ulcer and fistula
affecting the second, third, and fourth MTP joints
of the right foot (Fig. 4). Angiography of his leg
showed 80% stenosis of the popliteal artery, which
was treated with the PTA procedure before the free
flap surgery. In the first surgery, the infected toes
and the associated MTP joints and injured skin were
resected (Fig. 4A, B). After confirmation that the
wound was free of bacteria, a second surgery was
performed in which a free latissimus dorsi musculo-
cutaneous flap was transplanted to the defect (Fig.
4C, 5A). One year after the free flap transplantation,
the patient can walk on his foot with assistance from
custom-tailored shoes (Fig. 5B, C, D).
Fig. 4 : Case 11. Diabetic neuropathic ulcer of the right foot.
A, B : Debridement surgery.
C : The second surgery for free flap transfer.
Fig. 3 : Case 3. A photograph of both legs taken 10 years after
the free flap transplantation.
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DISCUSSION
The present study shows that free flap transplan-
tation can be safely performed for treatment of a
diabetic neuropathic foot ulcer. In a review of 528
patients, the success rate of free flap transfer to a dia-
betic foot ulcer was reported to be 92% (9). Others
have reported that diabetes is not a contraindica-
tion to free flap reconstruction for limb salvage in
selected patients (10, 11). One reason for the high
success rate of the free flap transplantation in our
series is that none of our patients had arterial ob-
struction and all had ABI values of1.0 except for
1 patient who was therefore treated with a PTA pro-
cedure. Another possible reason is that the infec-
tious lesions were completely debrided in all pa-
tients. Angiography detected arterial stenosis, includ-
ing arterial wall irregularity, in 6 patients, and wall
thickening of the recipient artery was observed un-
der the surgical microscope during the process of
anastomosing the blood vessels. Furthermore, al-
though the veins of patients with diabetes are usu-
ally not damaged, we have encountered injury to the
veins in the vicinity of severe infectious lesions. We
believe that careful selection of the recipient veins
to be anastomosed with the free flaps is vital to the
success of the transplantation.
All of the patients in the present study had in-
fected lesions containing bacteria. The fistula of a
diabetic neuropathic foot ulcer is usually bone-deep
because the skin, subcutaneous tissue, and even
tendons are easily injured due to the diabetic sen-
sory nerve dysfunction (12). The margins of the in-
fected soft tissue and of osteomyelitis are unclear
and difficult to detect in the operating room or with
magnetic resonance imaging (13). Because we had
time to observe the wound after debridement and
thus confirm the eradication of the infection be-
fore the free flap transfer, aggressive or excessive
debridement was unnecessary. In the 8 patients in
whom toe amputation was performed, no non-af-
fected tissue (including skin, subcutaneous tissue,
and bone) had to be resected, and the resulting
wound was covered with the free flap to allow pres-
ervation of longer portions of the metatarsal bone
and sole skin.
Fig. 5 : Case 11.
A : A free latissimus dorsi musculocutaneous flap, on which the pedicle artery and veins are identified, is harvested from the patient’s
back.
B, C : Photographs taken 1 year after the transplantation surgery. The arch of the foot is maintained.
D : Radiograph taken after the transplantation surgery. The metatarsal bones of all 5 toes is preserved.
I. Hashimoto, et al. Free flap for neuropathic diabetic foot ulcer330
In the present study, end-to-side anastomosis or
flow-through anastomosis was performed to pre-
serve the blood flow of the dorsalis pedis artery.
Diabetes affects the mortality rates of patients with
PAD and critical limb ischemia (CLI) (1, 2). Al-
though none of the patients in our study had devel-
oped CLI at the time of the transplantation of the
free flap, we believe that preservation of the dorsalis
pedis artery and the additional artery in the free flap
is important for maintaining the blood flow to the
foot to prevent a CLI crisis. Transplantation of free
flaps to severely ischemic limbs using a bypass ve-
nous graft from the popliteal artery has been re-
ported as a nutrient flap concept (14). The effect of
the free flap on the ischemic limb can be explained
by 1) the addition of a supplementary blood supply
and an effective venous return system and 2) the
progressive development of a new distal capillary
bed (14). We also believe that the capillary or vas-
cular bed provided by the free flap reduces the pe-
ripheral vascular resistance and thus helps to main-
tain the blood flow to the foot. We have recently
experienced a case in which a patient required am-
putation of the leg contralateral to the foot that had
undergone free flap transfer. Future studies may
explore the effect of the additional blood supply pro-
vided by free flap transplantation on the feet of pa-
tients with diabetes.
A decubitus ulcer in the calcaneal region devel-
oped as a short-term complication in 1 patient ; the
cause was diabetic sensory nerve dysfunction. Re-
currence of foot ulceration was observed as a long-
term complication in 4 patients and was also caused
by anesthesia of the feet. It is important to protect
the feet postoperatively in order to avoid such pres-
sure sores and recurrence of foot ulcers. In every-
day life, we have strongly recommended the use of
protective footwear custom-tailored for each patient.
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